After inducing mutagenesis with nitrosoguanidine, we used vancomycin enrichment in isolating auxotrophic mutants of Mycobacterium smegmatis. Compared with cycloserine and penicillin G, which are also cell wall inhibitors, vancomycin, with 24 h of exposure, produced less cell lysis and a greater reduction in viable cell numbers. With vancomycin enrichment, 13 specific auxotrophs were isolated after nitrosoguanidine-induced mutation, whereas only two mutants were isolated without enrichment.
Auxotrophic mutants of mycobacteria have been isolated frequently; however, procedures for isolating specific auxotrophs by using enrichment techniques have proven ineffective. Penicillin is the drug of choice for isolating auxotrophic mutants from many species of bacteria by the methods of Lederberg and Zinder (8) and Davis (2) . The use of penicillin for enrichment depends on the action of the drug to lyse only growing cells, with little effect on resting cells. When used for enrichment of mutants of strains of Mycobacterium smegmatis, penicillin at 1,000 U/ml did not select a greater number of mutants (11) . Isoniazid and dihydrostreptomycin have also been ineffective as enriching agents (5, 11) .
Here we describe the use of vancomycin, an inhibitor of cell wall biosynthesis, for enriching for specific auxotrophic mutants of M. smegmatis induced by treatment with N-methyl-N'-nitro-N-nitrosoguanidine (MNNG).
MATERIALS AND METHODS
Bacterial strains. M. smegmatis P22, a triple auxotroph requiring histidine, leucine, and arginine, was obtained from Yasuo Mizuguchi, Department of Tuberculosis, National Institute of Health, Tokyo, Japan.
Media. Tryptone-yeast extract (TYE) agar was used for all growth determinations requiring a complete medium. This medium consisted of 1.0% tryptone (Difco Laboratories, Detroit, Mich.), 0.5% yeast extract (Difco), 0.05% Tween 80 (Fisher Scientific Co., Fair Lawn, N.J.), and 1.5% agar (Difco). The liquid equivalent, TYE broth, had the same formula minus the agar. Davis minximal broth base (Difco) without dextrose was used for defined growth conditions. Glycerin at 0.2% and Tween 80 at 0.05% were used for energy source (Fig. 2A) . Under nongrowing conditions (Fig. 2B) jig/ml selected 13 specific auxotrophs compared with the isolation of 2 specific auxotrophs with no enrichment. DISCUSSION Genetic studies with mycobacteria are difficult, as indicated in several reviews on genetic transfer (3, 10) . One problem is the lack of techniques for isolating the auxotrophic mutants required for genetic studies. M. smegmatis is not a nutritionally fastidious species, because it can grow on defined media with simple sources of carbon and nitrogen. This permits the isolation of nutritionally deficient mutants, which provide useful genetic markers.
Vancomycin is an antibiotic that inhibits cell wall synthesis of gram-positive bacteria (7, 9) . It is highly active against M. smegmatis, and the concentration used (200 jig/ml) will inhibit the growth of large numbers of cells in a liquid medium. Unlike penicillin and cycloserine, there seems to be a lethal effect without corresponding lysis at concentrations above 200 jig/ml. This effect has been described for Streptococcus VOL. 19, 1981 on October 25, 2017 by guest http://aac.asm.org/ Downloaded from pyogenes with benzylpenicillin (6), the reason not being known. The 72-h exposure period described here can be used because these bacilli will survive in the presence of vancomycin without the required nutrients for extended periods of time. The characteristic clumping of cells, particularly when in large numbers, gives a protective effect against antibacterial agents. Thus, the long exposure to vancomycin allowing penetration of clumps enhances the killing effect. The purification procedure presented was also helpful in isolating clones with single mutations from cells with multiple mutations, a characteristic of MNNG mutagenesis (4) .
